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[57] ABSTRACT 
A gas transfer apparatus readily adapted for oxygenat 
ing blood includes a housing with a hollow internal 
chamber having a ?ber mat consisting of two sets of 
intermingled hollow ?bers with one set of ?bers having 
micropores formed in the walls thereof and the other set 
having solid liquid impermeable walls. The housing for 
the apparatus is designed such that the blood being 
processed passes substantially uniformly across the en 
tire cross section of the ?ber mat whereby a treating gas 
such as oxygen being directed through the microporous 
?bers can be diffused into the oxygen de?cient blood 
while excess CO2 in the blood can cross diffuse into the 
interior of the ?ber and be removed from the apparatus. 
Simultaneously with the cross diffusion of gas between 
the microporous ?bers and the blood, a thermal con 
ducting ?uid such as water is passed through the solid 
walled ?bers to maintain or regulate the temperature of 
the blood in the apparatus. The microporous and solid 
walled ?bers may be woven in layers which are lami 
nated to form a predetermined mat thickness separated 
by layers with only parallel ?bers of a single set in each 
layer. 

16 Claims, 4 Drawing Sheets 
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GAS TRANSFER APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention , 
The present invention relates generally to gas transfer 

systems and more speci?cally to an extracorporeal 
blood oxygenator utilizing microporous ?bers. 

2. Description of the Prior Art 
In the late 1970s, technology was developed to allow 

the extrusion of very thin hollow tubes from polymeric 
materials. Additional bene?ts of this technology al 
lowed for the creation of a multiplicity of micropores 
within the wall of such tubing. Such microporous hol 
low ?bers (MHF) were soon readily adapted for use in 
extracorporeal blood oxygenators, serving as the mem 
branous element separating blood from the gaseous 
phase, in order to minimize the blood trauma experi 
enced when blood is directly mixed with gases. 

Predating the development of MHF, blood oxygen 
ators had been constructed so as to directly mix gaseous 
oxygen with the blood to achieve the necessary gas 
transfer. As previously stated, this resulted in signi?cant 
blood trauma and necessitated the subsequent defoam 
ing of the blood/ gas mixture prior to return of the blood 
to the patient’s arterial circulation. A signi?cant inci 
dence of patient ‘pathology, Such as gaseous emboliza 
tion and silicone defoaming agent embolization to the 
brain and other major organs, when utilizing such bub 
ble oxygenators led early investigators to develop a 
potentially safer device called a membrane oxygenator. 

Early membrane oxygenator designs utilized ?at 
sheets of membranous material (usually thin silicone 
rubber sheets) to separate the alternating blood and gas 
channels of the device. The membrane material was 
arranged in either a ?at stack, referred to as a flat plate 
oxygenator or as a continuous coil around a central 
core, referred to as a spiral coil oxygenator. Blood was 
allowed to ?ow within the channel between two oppos 
ing membrane layers, while gaseous oxygen ?owed 
within the adjacent channels on the other side of the 
membrane sheets. The necessary transfer of oxygen 
molecules into the blood and the simultaneous removal 
of carbon dioxide molecules from the blood was by 
passive diffusion and was limited by the chemical solu 
bility of the gases in the membrane material. While 
many of these early devices were functional, and were 
utilized clinically, they were relatively inef?cient gas 
transfer devices requiring large membrane surface areas 
to provide adequate gas exchange. An additional prob 
lem with the earlier designs was the necessary compres 
sion and/or membrane tension required to keep the 
membranes from bulging apart during active blood 
?ow. Such bulging resulted in undesirably thick blood 
?lm thickness within the device and caused further 
deterioration of gas transfer ef?ciency and increased 
fluid priming volume requirements. 
With the development of microporous polymeric 

materials, a hybrid design was possible combining the 
'gas transfer efficiency bene?ts of a direct blood gas 
interface (as in the bubble oxygenator) with the reduced 
blood trauma bene?ts of a membrane device. The mole 
cules of gas transiting between phases within the device 
no longer had to physically dissolve within the mem 
brane material in order to pass between channels, as gas 
molecules could directly pass through the ?uid/ gas ?lm 
interface created within the micropores of the mem 
brane. Passage of gross gaseous emboli into the blood 
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2 
channels was prevented, due to the high surface tension 
of the plasma ?uid ?lm at the surface of the microscopic 
pores of the membrane material. Early use of micropo 
rous polymeric sheets in flat plate designs encountered 
the same problems of control of blood ?lm thickness as 
previously mentioned. The emergence of MHF, how 
ever, allowed more consistent control of this previously 
dif?cult variable in membrane oxygenator design, by 
providing a ?xed dimension lumen within the ?ber for 
the passage of blood while simultaneously bathing the 
exterior of the MHF with oxygen gas. Such early MHF 
membrane oxygenators utilized a linear bundle of ?bers, 
the ends of which were ?rst sealed within a block of 
polymeric material followed by the reopening of each 
end of the ?ber lumens by cleanly slicing off the distal 
edge of the cured resin blocks. In this manner, direct 
communication of the gas and blood passages was pre 
vented at the terminal ends of the ?ber bundle. 
The early luminal blood ?ow MHF membrane oxy 

genators, generally referred to as “internal ?ow con?g 
uration oxygenators,” were eventually supplanted by 
development of “external ?ow con?guration oxygen 
ators” in which the blood ?ow passed over the external 
surface of the MHF while gaseous oxygen was allowed 
to ?ow within the internal lumen of the MHF. Such a 
design change evolved due to the high ?uid pressures 
which occurred as a result of passing relatively viscous 
?uid through extremely narrow ?ber lumens within the 
“internal ?ow con?guration oxygenators”. Initial “ex 
ternal ?ow con?guration oxygenator” designs utilized 
the same linear ?ber bundle, requiring various tech 
niques of ?ber bundle compression to maintain the 
smallest blood ?lm possible around each ?ber. Subse 
quently it was found that by controlled tension spiral 
winding of the MHF around a central core, a tubular 
core of MHF could be created which more closely 
controlled the blood ?lm thickness, or boundary layer. 
Controlling the boundary layer in this manner allowed 
the adult membrane oxygenator total ?ber surface area 
to be reduced from approximately 4.5 square meters to 
2.0 square meters due to boundary improvement in gas 
exchange ef?ciency. The spiral wound membrane oxy 
genator is currently the most popular design, clue to its 
ef?ciency, in spite of signi?cant manufacturing dif?cul 
ties with the uniform creation of the spiral wound ?ber 
cores. 

Recently, other methods for control of boundary 
layer and external ?ow con?guration MHF membrane 
oxygenators have appeared in the market place. One 
such method is the bundling of MHF ?bers into “?ber 
ribbons” by tightly wrapping a small ?ber bundle with 
a retaining thread. These bundles are then placed within 
a channel in a metallic coil, which serves both as a blood 
?ow channel and a thermal exchange surface. 
A second functional feature required for the success 

ful use of a membrane oxygenator in cardiopulmonary 
support of the cardiac surgical patient is that of heat 
exchange. Provision for adequate thermal exchange 
within the cardiopulmonary bypass circuit must be 
made in order to maintain and/or alter the patient’s 
body temperature during the surgical procedure. This is 
most commonly achieved by utilizing a blood oxygen 
ator which has an integral heat exchanger as part of its 
design, although this function may also be accom 
plished by inclusion of a separate heat exchanger some 
where within the extracorporeal circuit. With early 
bubble oxygenators, the integral heat exchangers were 
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placed on the out?ow, or arterial, side of the oxygen 
ator such that heat exchange occurred after the gas 
exchange process had been completed. It was found, 
however, that when warming the blood in such con?g 
urations micro bubbles of gas could be detected, due to 
the decreased solubility of gases in a ?uid as tempera 
ture of the solution is increased. Accordingly, subse 
quent designs provided for heat exchanger placement 
on the inlet, or venous, side of the oxygenator. 

It is of interest to note that all currently utilized oxy 
genators have either venous or arterial side heat ex 
changers, with the exception of the aforedescribed de 
vice utilizing “?ber ribbons” in a metallic coil. The 
metallic blood channels, within which the ?ber ribbons 
are placed, serve as a thermal exchange surface, as the 
undersurface of the metallic coil is ?tted with water 
conduits. By passing thermally conditioned .water 
through these conduits, the metallic coil can be either 
heated or cooled, to achieve blood heat exchange 
within the same channels utilized for gas exchange. 

It is important in any blood oxygenator that it pro 
, vide an ef?cient system for transferring gas to and from 
the circulating blood. It is also of critical importance 
that the device be capable of cooling the blood being 
recirculated into the patient’s vascular system so that 
the patient’s body temperature can be cooled to pro 
duce a physiologically protective hypothermic state. It 
is conversely important that the device be capable of 
warming the blood so that near the end of a surgical 
procedure, the device can warm the recirculating blood 
that is returning to the patient to a normothermic state. 
Another important feature of a membrane oxygen 

ator is that it has a minimal ?uid priming volume. The 
cardiopulmonary bypass circuit is normally composed 
of numerous components, with the oxygenator and 
other components interconnected by signi?cant lengths 
of sterile tubing. Additional lengths of tubing are con 
nected to the patient’s vascular system and are utilized 
to direct the patient’s venous blood into the extracorpo 
real circuit, and to return the arterialized blood to the 
patient’s arterial circulation. This circuit must be com 
pletely ?lled with an appropriate physiologic ?uid, 
prior to connection into the patient’s vascular system to 

_ prevent catastrophic embolization of gas into the circu 
latory system of the patient. Obviously, the larger the 
total ?uid volume of the bypass circuit, the greater the 
hemodilutional effect on the patient. As one progres 
sively dilutes the patient’s blood, a critical point will be 
reached at which the patient’s blood will not be able to 
transport suf?cient oxygen to support tissue require 
ments without excessive blood flow rates. Such extreme 
hemodilution will then require transfusion of homolo 
gous blood into the circuit to increase the blood’s oxy 
gen-carrying capacity. Consequently, the optimal de 
sign of an oxygenator would be to minimize the ?uid 
printing volume required for safe operation. 

Still another important feature of a blood oxygenator 
is that it exert minimal trauma on the blood. Blood 
trauma can occur in many different ways with the most 
signi?cant cause being that of excessive sheer forces 
acting upon the blood elements ?owing through the 
device. In the optimal design for a membrane oxygen 
ator, one must balance the need for an extremely thin 
boundary layer of blood next to the membrane (to maxi 
mize gas transfer) with the need to keep blood velocity 
minimized (to reduce sheer force induced blood 
trauma). 
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Obviously, in light of the fact that blood oxygenator-s ' 

are used in critical surgery such as cardiopulmonary 
bypass, it is extremely important that the device per 
form predictably and reliably. It is also important due to 
the increasing costs of medical care that the cost of 
manufacturing be minimal. 

Several patents have been issued for devices devel 
oped to address individually or in combination some of 
the issues raised hereinabove. By way of example, U.S. 
Pat. No. 4,791,054 to Hamada, et a1., U.S. Pat. No. 
4,111,659 issued to Bowley, U.S. Pat. No. 3,998,593 
issued to Yoshida, et al. and U.S. Pat. No. 5,137,531 
issued to Lee, et al. all concern oxygenator type devices 
wherein the oxygenator has separate and distinct cham 
bers for oxygenation and temperature control. 

U.S. Pat. No. 3,342,729 issued to Strand discloses a 
permeability separatory cell that utilizes a mesh mem 
brane of ?bers having cation exchange properties run 
ning in one direction and ?bers having anion exchange 
properties in’ a perpendicular direction. U.S. Pat. No. 
3,794,468 issued to Leonard discloses a mass transfer 
device having a wound tubular diffusion membrane. 
U.S. Pat. No. 4,722,829 issued to Giter is another illus 
tration of a blood oxygenator wherein tubes through 
which treating gas ?ows include spherical lobes which 
are interengaged to de?ne small passages through 
which the blood moves. Finally, U.S. Pat. No. 4,940,617 
issued to Baurmeister discloses a multilayered hollow 
?ber wound body wherein the ?bers are wound either 
in helices or spirals. 

It is to address the issues identi?ed above and to 
resolve the issues in a more satisfactory manner than the 
existing prior art that the present invention has been 
developed. 

SUMMARY OF THE INVENTION 

The present invention relates to a gas transfer appara 
tus which functions effectively as a blood oxygenator 
and that ?nds primary use in an extracorporeal oxygen 
ating system. For purposes of the present disclosure, the 
apparatus will be described in connection with its use as 
a blood oxygenator. 
The apparatus includes a housing with an internal 

blood processing chamber in which is disposed a mat 
consisting of two sets of intermingled ?uid conducting 
?bers. The ?bers of one set have micropores formed in 
the walls thereof to permit cross-diffusion of gases 
while the ?bers of the other set have solid liquid imper 
meable walls. Manifolds are provided at opposite ends 
of each set of ?bers and inlet and outlet means are pro 
vided in the housing to conduct the blood that is being 
treated through the housing across the mat of ?bers. 
The microporous set of ?bers is adapted to transmit a 
gas treating ?uid while the solid walled set of ?bers is 
adapted to conduct a thermal conducting ?uid. The 
manifolds associated with each set of ?bers have con 
nectors to permit the ingress and egress of ?uids to the 
?bers associated therewith. 
With the apparatus of the present invention, the 

blood is admitted to one side of the housing and re 
moved from the opposite side of the housing after it has 
passed through the mat of ?bers. The set of ?bers hav 
ing micropores in the walls thereof can be used to trans 
mit oxygen so that cross diffusion of gases through the 
walls of the ?bers is permitted. The oxygen in the ?bers 
diffuses into the oxygen de?cient blood passing through 
the internal chamber while excess CO2 in the blood 
cross-diffuses into the ?bers. The solid walled ?bers are 
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used to transmit a thermal conducting ?uid such as 
water so that the temperature of the blood is regulated 
and/or maintained simultaneously with the cross diffu 
sion of gas. 

In one embodiment of the invention, the sets of ?bers 
are woven in separate layers which can be superim 
posed on top of each other forming a mat of such woven 
?bers. The thickness of the mat is selected depending 
upon the required surface area of the ?bers desired for 
a predetermined ?ow rate of blood through the appara 
tus. 

In another embodiment, the microporous ?bers are 
secured together in separate layers with the micropo 
rous ?bers in each layer extending in parallel relation. 
Spaced transverse beads of adhesive are extended 
across, the ?bers of each layer to bond the ?bers to 
gether in a predetermined side-by-side relationship. The 
liquid impermeable ?bers are similarly bonded together 
in separate layers so that layers of microporous ?bers 
and liquid impermeable ?bers can be stacked in a mat of 
a predetermined thickness depending upon the required 
surface area of the ?bers desired for a predetermined 
?ow rate of blood through the apparatus. 
‘ Other aspects, features and details of the present in 
vention can be more completely understood by refer 
ence to the following detailed description of a preferred 
embodiment, taken in conjunction’ with the drawings, 
and from the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic isometric view of the appa~ 
ratus of the present invention connected to supplies of 
treating and thermal conducting ?uids as well as blood. 
FIG. 2 is an enlarged horizontal section taken along 

line 2-2 of FIG. 1. 
FIG. 3 is an enlarged vertical section taken along line 

3—3 of FIG. 1. ' 
FIG. 4 is an enlarged fragmentary section taken along 

line 4--4 of FIG. 3. ‘ 
FIG. 5 is an enlarged fragmentary section taken along 

line 5-5 of FIG. 4. 
FIG. 6 is an enlarged fragmentary section taken along 

line 6—6 of FIG. 4. 
FIG. 7 is an isometric view of a mat consisting of 

multiple layers of woven ?bers. 
FIG. 8 is an exploded isometric view of a plurality of 

layers of woven ?bers. 
FIG. 9 is a fragmentary isometric view of one corner 

of the ?ber mat illustrated in FIG. 7 showing the ex 
posed open ends of ?bers of each set and a spacer block 
in the corner of the mat ?ber assembly. 
FIG. 10 is a fragmentary exploded isometric view of 

a second embodiment of a mat for use in the apparatus 
of the present invention. 
FIG. 11 is an assembled isometric view of the mat of 

FIG. 10. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

For purposes of illustration, the gas transfer appara 
tus of the present invention will be described in connec 
tion with one of its known uses and speci?cally in con 
nection with the oxygenation of blood. The apparatus 
will therefore be conveniently referred to as a blood 
oxygenator 12. 
With reference to FIG. 1, the blood oxygenator 12 

can be seen to include a housing 14 having a plurality of 
external connectors so that the housing can transmit 
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6 
therethrough a ?uid to be treated (blood), a treating 
?uid (oxygen), and a thermal transfer ?uid (water). 
Since systems for transmitting the aforedescribed ?uids 
to and from the apparatus could take many different 
forms, they have merely been illustrated diagrammati 
cally as blood‘ inlet system 16, blood outlet system 18, 
gas inlet system 20, gas outlet system 22, water inlet 
system 24 and water outlet system 26. Each of the afore 
described inlet or outlet systems are associated with a 
?exible conduit 28 that is operatively interconnected 
with the apparatus in a manner to be described more 
fully hereafter and includes either a pressure or vacuum 
pump which has not been shown. A pressure pump 
could be used to force the associated ?uid through the 
apparatus under positive pressure, or a vacuum pump 
could be used to draw the ?uid through the apparatus 
under a negative pressure. 
As is probably best illustrated in FIGS. 1 and 3, the 

housing 14 includes a pair of identical opposed face 
plates 30 which are interconnected along their peripher 
ies and retained in inverted spaced relationship by four 
manifold members 32a, 32b. 32c and 32d which in com 
bination de?ne a peripheral frame. The manifolds retain 
the face plates 30 in a predetermined spacing adapted to 
accommodate a ?ber mat 34 which bridges the entire 
cross section of the face plates. The mat is disposed in an 
internal chamber 36 de?ned by the housing 14 such that 
the ?ow of blood through the housing must pass 
through the mat. 
The mat 34 which will be described in more detail 

later, consists of two sets of hollow ?bers which are 
disposed in substantially mutually perpendicular rela 
tionship to each other. The ?bers of one set have micro 
pores formed in a wall thereof and are adapted to trans 
mit the oxygen treating gas while the ?bers of the other 
set have solid liquid impermeable walls and are adapted 
to transmit the thermal conducting water. The opposite 
ends of the ?bers of each set are open and are in commu 
nication with one of the four manifolds 32a-32d. The 
manifolds themselves are separated hermetically as will 
be more fully explained later. 
The manifolds 32a—32d are each provided with a 

connector 38 establishing communication between the 
interior ,of the manifold and the environment surround 
ing the housing 14 so that the treating Oxygen gas can 
be transferred from one manifold 32a to an opposite 
manifold 32c through the microporous ?bers while the 
thermal conducting water can be passed from a mutu 
ally perpendicular manifold 32b to its opposing mani 
fold 32d through the solid walled ?bers. In this manner, 
the blood that is treated in the apparatus simultaneously 
takes on oxygen and relinquishes carbon dioxide in a 
known manner while being thermally treated to either 
raise, lower or maintain its temperature. 
With reference to FIGS. 1-3, the opposing face plates 

30 can be seen to be of quadrangular con?guration each 
having a plurality of vertically extending hollow paral 
lel ribs 40 of triangular, longitudinal cross section which 
de?ne elongated channels 40a of u-shaped transverse 
cross section (FIGS. 1-3). It will be apparent from the 
description that follows that the ribs 40 do not have to 
extend vertically but as illustrated in FIG. 1 and for 
purposes of the present description, the ribs are oriented 
vertically. Due to the triangular longitudinal con?gura 
tion of the ribs, they de?ne in aggregate a header region 
42 along one edge of the associated face plate and di 
minish in depth as they extend toward the opposite edge 
of the face plate. In the arrangement illustrated, the 
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header region 42 of one face plate is disposed along one 
edge of the apparatus while the header region on the 
opposite face plate is disposed along the opposite edge 
of the apparatus due to the inverted relationship of the 
face plates. 
The face plate 30 on one side of the apparatus has an 

inlet port/connector 44 formed in an outermost triangu 
lar rib 40 with the inlet port/connector communicating 
directly with the header region 42 of the face plate. The 
inlet port/connector 44 has a frustoconical head suit 
able for hermetic connection to a ?exible hose or con 
duit 25 so that the ?exible hose connected to the blood 
inlet system 16 can be releasably af?xed thereto. The 
opposite face plate includes an outlet port/ connector 46 
formed in an outermost triangular rib 40 along the op 
posite edge of the apparatus with the outlet port/con 
nector 46 being in direct communication with the 
header region 42 of the associated face plate. The outlet 
port/connector 46 has a frustoconical head suitable for 
releasable hermetic connection to the ?exible hose 28 
associated with the blood outlet system 18. It can there 
fore be appreciated that blood is permitted to enter the 
apparatus 12 through the inlet port/connector and pass 
through the apparatus for removal through the outlet 
port/connector which is at an opposite corner of the 
apparatus and on the opposite side of the apparatus from 
the mat 34 of hollow ?bers. 
As best seen in FIG. 3, each face plate has an out 

wardly directed ridge 48 formed along its periphery to 
facilitate attachment of the face plate to the four mani 
folds 32a-32d. The ridge 48 de?nes an inwardly di 
rected face 50 adapted to abut with the hollow ?ber mat 
34 in a manner to be described in more detail hereafter. 
The face plates as well as the manifolds can be made 

of any suitable material such as an inert plastic, stainless 
steel or other such material which does not react with 
the blood, treating gases or thermal conducting water. 
The four manifolds 32a-32d are of identical construc 

tion and in transverse cross section are of generally 
hollow trapezoidal con?guration (FIG. 3). Each mani 
fold includes an outer plate portion 52 and obliquely 
directed side walls 54 diverging from opposite side 
edges of the outer plate portion 52. The distal edges of 
the side walls have ribs 56 which project in a direction 
perpendicularly to the outer plate portion 52 and are 
adapted to laterally engage outwardly directed faces 58 
of the peripheral ridges of the face plates. The junctures 
of the ribs 56 on the manifolds and the ridge 48 on the 
face plates are hermetically sealed, as by sonic welding, 
thereby fully integrating the housing 44 for the appara 
tus l2 and defining the sealed internal chamber 36. As 
will be appreciated by reference to FIGS. 2 and 3, each 
manifold de?nes a hollow space 60 in communication 
with one side edge of the hollow ?ber mat 34 for a 
purpose that will become more clear hereafter. 
Each manifold 32a-32d has a port 62 formed therein 

and associated with a connector 38 with a frustoconical 
head so that ?exible tubing 28 associated with the treat 
ing gas or the thermal conducting water can be hermeti 
cally connected thereto. Each connector 38 is hollow so 
that ?uids can be passed therethrough to the hollow 
space 60 within the associated manifold. 
The hollow ?ber mat 34 is probably best illustrated in 

FIGS. 5-9 to include layers of woven ?bers. The layers 
are placeable in face-to-face relationship when assem 
bling the mat. The ?bers 66 in one set, as illustrated in 
FIGS. 3 and 7 through 9, extend vertically while the 
?bers 68 in a second set horizontally. The ?bers 66 of 
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8 
the one set have micropores formed in the walls thereof 
to permit the cross diffusion of gases between the blood 
and the hollow interior of the ?bers and the ?bers 68 of 
the second set have solid liquid impermeable walls to 
con?ne and transmit the thermal conducting water. The 
?bers can be woven in any desired pattern with one 
microporous ?ber 66 per one solid walled ?ber 68 or in 
various ratios of such ?bers. In other words, if it be 
determined that control of the temperature of the blood 
can be accomplished with one-fourth the number of 
solid walled ?bers as are required for the desired cross 
diffusion of gases, there might be four microporous 
?bers woven per solid walled ?ber. In FIGS. 4 through 
6, the ratio is six microporous ?bers 66 to one solid 
walled ?ber 68 for illustration purposes only. 
A number of layers of woven hollow ?bers are assem 

bled in face-to-face relationship dependent upon the 
surface area of the ?bers desired for a given ?ow rate of 
blood through the apparatus. The rate of cross diffusion 
of gas per given volume of exposed blood is known for 
certain microporous ?ber constructions and accord 
ingly, depending upon the ?ow rate of the blood 
through the apparatus,'the number of microporous ? 
bers are known and thus the number of ?ber layers can 
be determined. 
As can be readily appreciated by reference to FIG. 8, 

the layers of woven ?bers 66 and 68 are formed so that 
the ?bers of each set extend a predetermined distance 
beyond a center woven section 70 of the layer. Thus 
when the layers are assembled in face-to-face relation 
ship, it can be seen that the layers de?ne a generally four 
sided planar ?gure having substantially square shaped 
notches 72 formed in each comer thereof. 
The ends of the ?bers of both sets are potted in a 

resinous potting compound 74 such as polyurethane, 
readily known and available in the art, which functions 
to integrate and bond the layers of the woven ?bers 
along the four edges thereof. In a known manner, the 
potting compound is sliced so as to remove terminal 
ends of the ?bers leaving each ?ber open at its opposite 
ends. After the layers have been potted together and the 
potting sliced to expose open ends of the ?bers, the 
notches 72 in the four corners of the composite mat are 
?lled with corner or spacer blocks 76 of inert material 
such as polyurethane or stainless steel with the corner 
blocks having a quadrangular cross section. Once the 
corner blocks have been positioned and secured in the 
notches in any suitable manner, it can be seen in FIG. 7 
that the mat of hollow ?bers is a planar four sided struc 
ture that has been presized to ?t within the housing 14 
and particularly so that the outer edges of the ?ber mat 
engage the inwardly directed faces 50 of the ridge 48 on 
the face plates. The inwardly directed faces of the 
ridges are secured to the outer peripheral edge of the 
?ber mat 34 in any suitable manner to establish an her 
metic seal. In actual assembly of the apparatus, the face 
plates 30 are secured to the ?ber mat 34 before the 
manifolds 32a-32d are secured to the peripheral edge of 
the face-plates in the manner previously ‘described. 
An alternative embodiment of the ?ber mat is illus 

trated in FIG-10 and referred to as a parallel ?ber mat 
340. In this embodiment, each layer of the mat is com 
prised of ?bers 66 or 68 of one distinct set with the ?bers 
laid in parallel relationship and bonded transversely at 
spaced intervals by beads of adhesive 78. The side-by 
side relationship of the ?bers of a single set in each layer 
is predetermined for speci?c uses but by way of illustra 
tion, the microporous ?bers 66 of the ?rst set might be 
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positioned in contiguous or slightly spaced parallel 
relationship while the solid walled ?bers 68 of the sec 
ond set might be positioned in a spaced parallel relation 
ship wherein there is a greater space between adjacent 
?bers. Each layer of distinct ?bers can then be stacked 
until a desired thickness or predetermined surface area 
of ?bers has been established. While the microporous 
?bers 66 in different layers would be assembled to ex 
tend in the same direction and the solid walled ?bers 68 
of other layers in a substantially perpendicular direc 
tion, it would not necessarily be required that layers of 
the ?rst and second sets of ?bers alternate. In other 
words, there may be two layers of microporous ?bers 
66 for every one layer of solid walled ?bers 68 depend 
ing upon the relative surface areas of the ?bers of each 
set desired for a particular application. , 
Each layer of ?bers is preferably formed in a rectan 

gular con?guration so that the length of a layer, which 
extends in the same direction as the ?bers, is greater 
than its width. Thus when the layers are stacked in 
face-to‘face relationship, a generally four sided mat is 
de?ned with notches 80 in each corner. The ends of the 
?bers are potted in a suitable potting compound 82 to 
integrate the layers into the uni?ed mat 34a and the 
potting is subsequently sliced to expose open ends of the 
?bers. Corner blocks 84 are bonded or otherwise se 

25 

cured in the notches 80 in each corner of the mat to - 
establish a four sided mat whichis easily integrated into 
the housing 14 in a manner identical to that described 
previously in connection with the ?rst embodiment of 
the mat. 
While the ?bers used in the mat are readily available 

and well known in the art, by way of example, the 
microporous ?bers 66 might be of the type manufac 
tured by Mitsubishi Rayon Co., Ltd. of Tokyo, Japan 
and sold under identi?cation No. EHF l80M-1. For 
illustration purposes, microporous ?bers having the 
following dimensions have been found suitable: inner 
diameter of 180 microns, outer diameter of 282 microns 
and a wall thickness of 49.5 microns. The solid walled 
?bers 68 are also available from the same source and are 
sold under identi?cation No. HFE 430-4. The dimen 
sions of solid walled hollow ?bers found to be suitable 
are: inner diameter of 429 microns, outer diameter of 
577 microns and a wall thickness of 73.5 microns. 
Also in one preferred embodiment, when the ?bers 

are woven to form the mat, 36 layers de?ning a thick 
ness of 1.62 inches and providing an effective micropo 
rous ?ber surface area of 2.45 square meters and a solid 
walled ?ber surface area of 0.84 square meters provided 
adequate cross diffusion of gas to oxygenate the blood 
of an adult while giving some flexibility to the ability to 
regulate the temperature of the blood within acceptable 
ranges. The ?bers were all nine inches long with the 
woven area being six inches square. 

In the parallel ?ber mat, one embodiment which has 
worked effectively included 60 layers of microporous 
?bers with an effective surface area of 2.51 square me 
ters and 29 layers of solid walled ?bers with an effective 
surface area of 1.32 square meters. The thickness of the 
mat was 1.33 inches. The ?bers were all nine inches 
long and each layer was six inches wide so that the area 
of overlap of microporous ?ber layers and solid walled 
?ber layers was six inches square. 

In operation, the inlet and outlet ports 44 and 46, 
respectively, of each face plate 30 are connected to the 
flexible hoses 28 associated with the blood inlet system 
16 and the blood outlet system 18 respectively which 
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10 
include pressure or vacuum pump means for moving the 
blood through the apparatus. It will be appreciated that 
since‘ each face plate has a relatively large header region 
42, the blood which is introduced to the internal cham 
ber 36 of the apparatus in the header region will readily 
spread or flow across the apparatus before proceeding 
upwardly along each triangular rib 40 for dispersal 
across the entire cross section of the face plate and 
consequently the ?ber mat 34 or 34a. The blood of 
course migrates across the ?ber mat due to the pressure 
differential created by the blood inlet/outlet systems 
and once it has transversed the entire ?ber mat, it is 
collected on the opposite side and removed from the 
apparatus through the outlet port 46 in the opposing 
face plate. 

Simultaneously with the blood moving through the 
apparatus from one face plate to the other and across 
the ?ber mat, oxygen gas is introduced to the manifold 
32a associated with the inlet end of the microporous 
?bers 66 at the top of the apparatus 12 as shown in FIG. 
1 and allowed to pass through the ?bers in a vertically 
downward direction. As the oxygen gas passes through 
the ?bers 66, a cross diffusion of gas occurs between the 
interior of the microporous ?bers and the blood which 
is circulating around the exterior surfaces thereof. The 
principle of cross diffusion is well known in the art with 
the oxygen passing outwardly through the micropores 
and being absorbed by the oxygen de?cient blood while 
excess CO2 in the blood passes inwardly through the 
micropores to the hollow interior of the microporous 
?bers and is removed through the ?exible hose 28 asso 
ciated with the gas outlet manifold 320 at the bottom of 
the apparatus. 
Also simultaneously, the thermal conducting water is 

introduced to the water inlet manifold 32b on the right 
side of the apparatus as viewed in FIG. 1 and allowed to 
pass horizontally through the hollow solid walled ?bers 
60 for removal from the apparatus on the left side 
through the outlet water manifold 32d and the ?exible 
hose 28 associated therewith. As mentioned previously, 
the thermal conducting water can affect the tempera 
ture of the blood by raising the temperature, lowering 
the temperature or maintaining a temperature depen 
dent upon the temperature of the water as it enters the 
apparatus. The hollow space 60 within each manifold 
allows the treating gas or thermal conducting water to 
enter substantially uniformly the open ends of the asso 
ciated ?bers so that the treating gas and thermal con 
ducting water is uniformly distributed across the entire 
cross section of the ?ber mat. 
The gas transfer apparatus 12 of the present invention 

has been found to desirably oxygenate blood while 
simultaneously regulating the temperature of the blood 
in a manner that overcomes many of the shortcomings 
of prior art systems which have been devised for oxy 
genating blood. The simultaneous oxygenation and 
temperature regulation overcomes the shortcomings in 
numerous prior art systems which inherently must heat 
the oxygenated blood before or after the oxygenation 
takes place. ' ' 

Although the present invention has been described 
with a certain degree of particularity, it is understood 
that the present disclosure has been made by way of 
example, and changes in detail or structure may be 
made without departing from the spirit of the invention, 
as de?ned in the appended claims. 
We claim: 
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1. A gas transfer apparatus comprising in combina 
tion, 

a housing having an interior ?uid processing cham 
ber, at least one pair of manifolds with each mani- . 
fold having a connector establishing communica 
tion between the manifold and the environment 
surrounding the housing, and an inlet and an outlet 
port means establishing communication between 
said interior chamber and the environment sur 
rounding the housing to permit a ?uid being pro 
cessed to pass through said interior chamber, 

two distinct sets of intermingled elongated hollow 
?bers, the ?bers of each set having two ends one set 
of ?bers having outer walls with micropores 
formed therein to allow a gas to diffuse through the 
micropores into said ?uid being processed and the 
second set having solid liquid and gas impermeable 
walls to selectively allow for the passage of a ther 
mal transfer ?uid, each end of said ?bers in said one 
set being in ?uid communication with one of said 
manifolds, said ?bers being disposed in said interior 
chamber such that said ?uid can be passed through 
said interior chamber via said inlet and outlet port 
means and said gas can be passed from one mani 
fold to the other manifold through said one set of 
?bers. 

2. The gas transfer apparatus of claim 1 wherein there 
are two pair of manifolds and wherein the second set of 
?bers are hollow and wherein each end of the ?bers of 
the second set is in ?uid communication with one of said 
manifolds of a second pair of manifolds, such that said 
thermal transfer ?uid can be passed through said second 
set of ?bers to regulate the temperature of the ?uid 
passing through said interior chamber. 

3. The gas transfer apparatus of claim 2 wherein there 
are unequal numbers of ?bers in the two sets. 

4. The gas transfer apparatus of claim 1 wherein the 
?bers of one set are woven with the ?bers of the other 
set into a mat. 

5. The gas transfer apparatus of claim 4 wherein there 
are unequal numbers of ?bers in the two sets. 

6. The gas transfer apparatus of claim 1 wherein the 
interior chamber is partially de?ned by a pair of op 
posed face plates. 

7. The gas transfer apparatus of claim 6 wherein said 
face plates each have a header region in communication 
with said inlet and outlet port means and a plurality of 
elongated channels communicating with said header 
region and extending away therefrom, said channels 
opening into said interior chamber. 

8. The gas transfer apparatus of claim 7 wherein said 
elongated channels diminish in cross-sectional size as 
they extend away from said header region. 

9. The gas transfer apparatus of claim 6 wherein there 
are two pair of manifolds and wherein each of said face 
plates has two pair of opposed edges, said opposed 
edges of the face plates being secured to said manifolds 
to de?ne said interior chamber, and wherein the ends of 
said ?bers are open and potted in potting compounds 
which cooperate with the manifolds in ?uidically sepa 
rating the manifolds from each other and from the inte 
rior chamber such that said ?uid being processed can be 
admitted to said apparatus through said inlet port means 
and removed from said apparatus through said outlet 
port means after having passed across the ?bers of each 
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set, and other ?uids can be passed independently 
through each set of ?bers. 

10. The gas transfer apparatus of claim 4 wherein 
there are multiple layers of woven ?bers with ?bers of 
each set existing in each layer and with the ?bers in 
each set extending substantially parallel to each other. 

11. The gas transfer apparatus of claim 4 wherein the 
?bers of each set are substantially parallel, the mat is 
substantially quadrangular and wherein opposite ends 
of the ?bers of each set are unwoven establishing 
notches in the four corners of the mat. 

12. The gas transfer apparatus of claim 11 further 
including spacer means in each of said notches to render 
said mat truly quadrangular. 

13. The gas transfer apparatus of claim 11 wherein the 
unwoven ends of said ?bers are open and potted to 
gether with associated ends of corresponding ?bers. 

14. The gas transfer apparatus of claim 4 wherein said 
mat consists of a plurality of layers of ?bers with ?bers 
in each layer being of one set and extending in substan 
tially parallel relationship, said layers of ?bers being 
positioned and retained in face-to-face relationship. 

15. The gas transfer apparatus of claim 14 wherein the 
?bers of each layer are bonded together with transverse 
beads of adhesive. 

16. A gas transfer apparatus comprising in combina 
tion: ‘ 

a housing having spaced opposed face plates and four 
manifolds forming each of four sides of the housing 
while being sealed of the face plates along four side 
edges thereof, said face plates and manifolds coop 
erating to de?ne an interior ?uid processing cham 
ber, an inlet pot and an outlet port establishing 
communication between said interior chamber and 
the environment surrounding said housing, connec 
tor means in each of said manifolds establishing 
communication between the manifolds and the 
environment surrounding said housing, and 

a mat of woven elongated hollow ?bers disposed in 
said interior chamber and operatively associated 
with said housing to hermetically separate the man 
ifolds from each other and from the interior cham 
ber and to totally bridge the space between the two 
face plates, said mat being woven from two sets of 
substantially mutually perpendicular hollow ?bers 
with the ?bers of one set having walls with micro 
pores formed therein to allow a gas to diffuse 
through the micropores into a ?uid being pro 
cessed and the ?bers of the other set being liquid 
and gas impervious to selectively allow for the 
passage of a thermal transfer ?uid, opposite ends of 
said ?bers of each set being spoted in a potting 
compound and adapted to be seated in an associ 
ated manifold to de?ne a hollow space within the 
manifold in communication with the connector 
means in the manifold, the ends of the ?bers being 
open and in communication with the hollow space 
of the manifold with which the ends of the ?bers 
are associated such that separate ?uids can be 
passed through the ?bers of each set between op 
posed manifolds while said ?uid being processed is 
passed through the housing and across the mat via 
the inlet and outlet ports. 

& it i i t 
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